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SUMMARY

This Paper focuses upon the problem of regional interactions in
planning movement-to-shelter (MIS) systems. The MTS system envis-
aged in this research effort is one designed to move urban populations
during crises tc fallout shelters located in peripheral areas of low
target interest., The system would provide fallout protection for both
evacuees and permanent residents of the reception area and could be
activated if and when the United States was faced with an impending
nuclear attack.

Basic criteria are established for use in defining the areas
to be evacuated and those to be used as MIS reception centers. The
total area to be evacuated includes the urbanized area plus a buffer
zone., The boundaries of the buffer zone are determinnd as follows:

It is assumed that the MIS fallout shelters would be built or medified
to resist 10-psi overpressure. At this hardness level, shelters lo-
cated within only four miles of the urban target area would be reason-
ably safe from the blast effects of a 10-Mt weapon on the city. On
the other hand, the same weapon on an MIS shelter system could damage
normal (unhardened) structures as far as 10 miles away. Therefore,

as a means of clearly separating population and industrial target
values, a 10-mile buffer zone is applied. Under this planning
criterion, one could expect that usable resources would be available
for post-attack support of those people surviving either a direct or
mixed attack in which p-pulation is targeted.

It was assumed that a distance of 50 miles measured from the edge
of the urbanized area would be a practical outer bound for the re-
ception region. The resulting 40-mile-wide annulus (50 miles minus
the 10-mile buffer zone) was the basis for identifying potential
reception areas. Possible military targets and otherwise unsuitable
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land areas (swamps, etc.) were then deleted in identifygﬁg usable
reception areas within the 40-mile annulus.

Applying these criteria to closely located cities such as those
of the Central Gulf Coast Region, one soon encovnters the preblem of
overlapping reception areas: those which could be claimed by two or
more evacuating cities. This problem is resolved by use of a linear
programming model (fully described in the Paper) which allocates
regional reception space on an optual basis, Its objective is to
allocate evacuating population in a manner that will minimize the
fatalities expected from nuclear weapons delivered upon the region.

The Paper also includes the results of a case study in which the
above MT3 criteria and the regional allocations model were applied
to the Central Gulf Coast Region of the United States. This region
encompasses the following urbanized areas: New Orleans, Mobile,
Baton Rouge, lake Charles, Port Arthur, Beaumont, Houston, and
Galveston.
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FOREWORD

The work reported in this Paper is part of a continuing effort in
the analyses of alternative civil defense systems by the Economic

and Political Studies Division, Institute for Defense Analyses,

under Contract No. OCD-PS-66-113 (dated June 1966) with the Office

of Civil Defense, Department of the Army. This Paper is specifically
related to Task Number 4131A, Evaluation of & Crisis~Oriented Civil
Defense System.l ,

This Paper focuses upon the problem of regional interactions in |
planning movement-to-shelter systems (movement of urbanized popula-
tions to peripheral fallout shelters). A model for use in making
: optimal population assignments to available reception areas is
§ described. The objective cf the model is to allocate personnel in
? a manner that will minimize the fatalities expected from a nuclear
waapons attack upon the region.

I wish to acknowledge with appreciation important contributions
to this Paper by other members of the Civil Defense Systems Project.
James R. Storey assisted in the development of the localized planning
approach (described in Section 2) and in its indtial application to
New Orleans. Edward S. Pearsall assisted in the development of the
regional planning model by programming and testing the computational
aigorithm described in Appendix B, Thomas P. Cullen was principal
research assistant on the regional MTS study and personally compiled
many of the detailed results presented in this Paper; Sandra Fucigna
e and Jeffrey Cooper alsc assisted in earlier phases of the study.
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1. IDA's total research effort under this Task Order is concerned
with determining both the physical and economic feasibility of movement-
to-shelter as an alternative civil defense system.
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I am especially grateful to Dr. W. A, Niskanen and Mr. C. S. Lerner
for their constructive comments on the draft version of this Paper.

Grace J. Kelleher
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SUMMARY

This Paper focuses upon the problem of regional interactions in

¢’ nning movement-to-shelter (MTS) systems. The MTS system envis-
aged in this research effort is one designed to move urban populations
during crises to fallout shelters located in peripheral areas of low
target interest. The system would provide fallout protection for both
evacuees and permanent residents of the reception area and could be
activated if and when the United States was faced with an impending
nuclear attack.

Basic criteria are established for use in defining the areas
to be evacuated and those to be used as MIS reception centers. The
total area to be evacuated includes the urbanized area plus a buffer
zone. The boundaries of the buffer zone are determined as follows:

It is assumed that the MIS faliout shelters would be built or modified
to resist 10-psi overpressure. At this hardness level, shelters lo-
cated within only four miles of the urban target area would be reason-
ably safe from the blast effects of a 10-Mt weapon on the city. On
the other hand, the same weapon on an MIS shelter system could damage
normal (unhardened) structures as far as 10 miles away. Therefore,

as a means of clearly separating population and industrial target
values, a 10-mile buffer zone is applied. Under this planning
criterion, one could expect that usable resources would be available
for post-attack support of those people surviving either a direct or
mixed attack in which population is targeted.

It was assumed that a distance of 50 miles measured from the edge
of the urbanized area would be a practical outer bound for the re-
ception region. The resulting 40-mile-wide anmulus (50 miles minus
the 10-mile buffer zone) was the basis for identifying potential
reception areas. Possible military targets and otherwise unsuitable



land areas (swamps, etc.) were then deleted in identifyzhg usable
reception areas within the 40-mile annulus.

Applying these criteria to closely lccated cities such as those
of the Central Gulf Coast Regicn, one soon encounters the problem of
overlapping reception areas: those which could be claimed by two or
more evacuating cities. This problem is resolved by use of a linear
programming model (fully described in the Paper) which allocates
regional reception space on an optimal basis. Its objective is to
allocate evacuating population in a manner that will minimize the
fatalities expected from nuclear weapons delivered upon the region.

The Paper also includes the results of a case study in which the
above MT3 criteria and the regional allocations model were applied
to the Central Gulf Coast Region of the United States. This region
encompasses the following urbanized areas: New Orleans, Mobile,
Baton Rouge, lake Charles, Port Arthur, Beaumont, Houston, and
Galveston,
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INTRODUCTION

The movement-to-shelter (MIS) system envisaged in this study is
designed to move city populations during crises t¢ fallout shelters
located in peripheral arecas of iow target interest. The system
would provide fallout protection for both evacuees and permanent i
residents of the reception area and could be activated if and when
- the United States was faced with an impending nuclear attack.

The research covered in this Paper is concerned with the problem _
of allocating population tc the space available within a reqional
‘movement-to-shelter system. Criteria are estahlished for use in B
defining the areas to be evacuated and those to be used as MTS
reception centers (Section 2). Reéeption areas which could be
claimed by two ar more evacuating cities, and data required for
resolution of the allocation probiem, are identified (Section 3).
Finally, a model for use in allocating regiondl reception space is
describad along with the results of a pilot study of the Central
Gulf Coast Region (Section 4). By use of this model, the maximum
post-attack density is minimized throughout the regional MTS system,
subject to certain generalized time and distance constraints.

Cost constraints were not applied in this initial study as
suitable cost estimates were not available, In allocating contested

© reception areas, it was assumed that per capita systems cost would
not vary among reception areas according to evacuee origin or the
distance to be traveled. Similarly, no attempt was made to evaluate
the effectiveness of MIS against that of other possible defense
measures; such analyses were deferred pending the availability of
appropriate cost information.

To explore this problem by way of a pilot study, a group of
cities were identifisd which coutend only among themselves for the
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reception space available in a regional MTS system. The interaction
problem can be bourded for such & group thus permitting the attain-
ment of cptimal solutions., The group of interacting citiesl ultimately
selected were Galveston, Houston, Beaumont, and Port Arthur, Texas;
Lake Charles, Baton Rouge and New Orleans, Louisiana; and Mobile,
Alabama., For MIS planning purpnses, these cities comprise a closed
region, spanning the Gulf Coast from Galveston to Mobile. A map of
this region is given in Figure 1.

The data utilized in this Paper were cbtained from the following
sources:

U.S. Department of Commerce, Bureau of the Census, 1S60 Census
cf the Pao tion, Volume I, Parts 2, "Alabama,® 20, "ouisiana,"

] » "Texas,” (Washington, D.C.: Government Priating Office,
1963).

. » "Alabama: 1960" (No. 2, February, 1965) and
Wiexas: 19607 (No, 45, December, 1965), Area Measurement Reports,
Series GE-20 (Washington, D.C,: Government Printing OXfice).

County and City Data Book, 18962: Statiatical

? 9
Xbstract ent y D.C.: Government t
Oftice, I§%§§

Encyclo a Britannica World Atlas, Unabridged (Chicago:
Eﬂc"yfc‘.[ope%a' Eritannica Inc,, 1958).

e o4 . ) ¢ H B . . H

¢ H <

1, Census data for the "urbanized areas™ corresponding to these
citias were used throughout this Paper.
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PRINCIPLES OF MIS PLANNING

2,1 DEFINITIONS AND DECISION RULES

As a first step in the study, it was necessary to establish a
set of criteria for use in defining areas to be evacuated and areas
where MTS fallout shelters might be located or constructed, The
decision rules applied for this purpose are illustrated in Figure 2.
As shown, the target is identified to be an urbanized area, The
total area to be evacuated includes the target area plus a buffer
zone. The boundaries of the buffer zone were determined as follows.,
It was assumed that the MTS fallout sheiters would be built or modi-
fied to resist 10-psi overpressure. At this hardnese level, shelters
located within only 4 miles of the urban target area would be
reasonably safe from the blast effects of a 10-Mt weapon on the
city. On the other hand, the same weapon on an MI'S shelter system
could damage normal (unhardened) structures as far as 10 miles away,
Therefore, as a means of clearly separating population and industrial
target values, a l0-mile buffer zZone was selected for use in this
study. Under this planning criterion, one could expect that usable
resources would be available for post-attack support of those peopls
surviving either a population attack or a mixed ct:t:ackl that included
population, '

The potential reception area begins at the outer limit of the
10-mile buffer zons and extends out to an acceptable distance. This
distance should be determined not only on the basis of availahle

’1.' ™Mixod" attacks are directed toward combinations of terget
values: mdlitary, industrial, population, etc. '




A: Urbanized Tcrget Area
M: Military Target Area
PRA: Potential Reception Area -

% Area overlapped by other

targets or buffer zones is
eliminated from PRA,

FIGURE 2 Potential Reception Area Defined for a Movement-to-Shelter Program

€9-22-68-1
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reception areas but also on the basis of movement-time constraints,
Key questions are:

(1) How far should people be moved considering expected
warning time and the fact that they would be unprotected
while enroute to shelter?

(2) Similarly, how far should essential workers have to
travel in commuting to and from their work in the target
area? (If avoidahle, the same personnel should not be
forced to remain in the target area 24 hours per day
throughout the crisis period.)

To move ahead at this point in developing a systematic approach
to MIS planning, a detailed study of the route structure and movement
tines applicable +o each city was postponed by making the assumption
that a distance of S50 m11e32 measured fram the edge of the urbanized
area would be a practical cuter bound for the reception region. The
resulting 40-mile-wide annulus, as depicted in Figure 2, was the
basis for identifying potential reception areas (PRAs).

Next, military targets in the vicinity of the urbanized areas
were identified and a 10-mile buffer zone was applied around such
targetss for the purpose of further deliheating the feasible
reception area, If a military target or its surrounding buffer
zone mapped any part of the potential reception area (the initial
40-mile-wide band) the partion affected was eliminated from further
consideration. Other areas obviously unsuitable for shelter con-
struction (sw&nps » uninhabitable mountains, etc.) also were excluded.

If the above criteria were applied to & rumber of closely locatsd
cities, one might reasonably expect to encounter the problem of
overlapping reception sreas. This problem is illustreted in Pigure 3.

2. This p&mmr was fixed for pilot study purposes only and

‘could be varied in other studies of brosder scope.

3. Although consistent with the criterion applied to urbanised
target areas, tha 10-mile buffer sone with respect to adlitary targets
deserves further evaluation. A priori, the same rationdls, separation
of population and industrial valuss, could hardly apply.

PP p———
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Buffer

Buffer

¢ oy
vuffer

PRA

A, B, and C are Urbanized Areas
PRA: Potential Reception Area

[]I[[[[l Included in maximum PRA
for an Urbanized Areq;
Excluded from Minimum PRA
for an Urbanized Area

FIGURE 3 Inter-City Contests for Same Reception Area

£E9-~22-86-2
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Before attempting to resolve such contests on a regional basis,
scme initial insight was cained by first defining and evaluating
a maximum and a minimum reception area for each city studied.

The maximum and minimum were determined by respectively including
and excluding all contested portions of a city's total reception
area,

2.2 PILOT APPLICATION TO NEW ORLEANS
These procedures for determining maxdmum and minimun reception

areas vere first tested in exploring MI'S feasibility for New Orleans,?

one of the eight cities of the pilot study region. The target areas
of interest in the New Orleans vicinity include the New Orleans
Urbanized Area, as defined by the Bureau of the Census, and the
New Orleans Naval Air Station, a possible counterforce target,

* located to the south of the city. Both of these target areas and

their surrounding buffer zones would be earmarked for evacuation,

To facilitate the compilation of population and land data for
use in the study, the evacuation and reception areds were adjusted
to coincide with lccal polditical boundaries. The ocuter reception-
area border (50 miles out from the urbanized area boundary) was
made coincidental with county boundaries; if any portion of a county

was intersected by the SO-mile border, the entire county was included,

The reception area's inner border (10 miles out) was made to coincide
with the boundaries of minor civil divisions (wards, beats, town-
ships, etc.). A minor civil division was included if at least SO
percent of its land was within the boundaries defined for the
potentidl reception area,

The borders of the evacuation and reception areas for New Orleans,

determined in accordance with the above guidelines, are depicted
in Figure 4,

4. New Orieans alsoc i» one of the five citiss that are & focus
of current OCD research, The others are Albuquerque; Detroit;
Providence; and San Jose, California,
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The reception area was further adjusted to exclude swamps because
without reclamation, these areas obvicusiy would be unsuitable for
construction cif MT'S shelters. The lands excluded for this reason
are depicted in Figure S.

Nearness to other urbanized areas complicates MIS planning for
cities such as New Orleans. All areas defined as probable targets
or buffer zones must be deleted fram further consideration as a
reception area. Figure & shows the evacuation areas of Mobile and
Baton Rouge and their MI'S relationship to New Orleans. That part
of the Baton Rouge evacuation area that overlaps New Orleans' PRR

“must be excluded as it would not qualify as a reception area for

any city. In the case of Mobile, no such overlap is involved.

Figure 7 depicts the New Orleans maximum reception area after
all the above adjustments had been made. As shown, one sector
could be claimed by Mobile and &nother by Baton Rouge. The un- »
contested portion was identified as New Orleans' minimum reception
area,

The problem of allocating contested arcas among these three
cities clearly could not be resolved without first determining and
evaluating the extent to which Mobile and Baton Rouge might intepact
with cities other than New Orleans. (The analysis depicted in
Figure 7 focused upon only those portions of the Mobile and Baton
Rouge receptl- areas that would directly affect MI'S planning for
New Orleans.) It was alsc recognized that similar problems could
be encountered in attempting to resolve contests involving other
cities of the region. RAccordingly, the next phase of the study
was concerned with identifying all contested and uncontested
reception areas in the region and in each case, the specific
claimants invoived.
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THE REGIONAL ALLOCATION PROBLEM

3.1 THE SPPTE AND THE CONTENDERS

In setting up the allocation problem for the Central Gulf Coast
Region, the first step was to identify all qualified reception areas
and contending populations. This was accomplished by applying the
ground rules defined in the previous Section to the complete set of
urbanized areas involved. In so doing, it was posaible to gain a
preview of the optimal MIS densities achievable within the region.
This was done by using the minimum and maximm reception aveas as
bagses for determining respectively the maximum and the ruinbmm
density that might be achieved by each city.

If a city was limited to the use of its minimum reception area--
that which could not be claimed by another city--its MI'S density
would be at its highest feasible level. On the other hand, if all
qualified areas, contested and uncontested, were allocated to 2
city, the resulting density would constitute a minimum. The optimal
MIS densities for the study region can be expected to fall within
the bounds given in Table 1.

In total, 15 MIS reception areas were identified in the region;
they are identified geographically in Figure 8 along with appropriate
planning data. A more detailed description cf each area; including
political identities (counties, etc.), land aress and rcs:ldom:
populations are provided in Appendix A, o

By linking the eight evacuating cities to the uccﬁe:lm areas
for which they qualify, twenty-nine (29) comutyut nhtiomhipl
were established. These relationships are mm in hbh 2.,




Table 1

UPPER AND LCWER DENSITIES ACHIEVABLE UNDER REGIONAL MIS SYSTEM
Central Gulf Coast Region

Average Post-Evacuation [Density

a per Sq Mi
Total Population Maximum Mindimum

Urbanijzed Area |To Be Evacuated Reception Area | Reception Area
Galveston 138,670 53.1 (407.6)°
Houston 1,247,150 121.5 256.3
Beaumont 153,053 35.3 (190.6)°
Port Arthur 162,751 38.5 (10¢.3)°
Lake Charles 130,391 55.1 1.8
Baton Rouge 268.137 127.5 142.5
New Orleans 908,595 254.0 477.2
Mobile 301,983 6l1.0 55.0

Total evacuees 3,310,735

Reception area

residents 2,020,841
Total shelter
spaces required 5,331,576

a. 1960 Census population. Includes urbanized area, closeby military

target dreas, and their buffer zones,
b. These three cities have no "minimum” reception area as all
surrcunding land could be claimed by other cities.
vulnerability of these three cities could be reduced by moving
the population to shelrers uniformly distributed over the target
area. Such action would reduce their densities to the levels
shown in parentheses.

3.2 ALLOCATION OBJECTIVES
The regional allccation problem, simply stated, is to determine
how many evacuees from a city should be assigned to which reception
area. These determinations must be consistent with the national
defense cbjective of minimizing the mumber of US Ffataiities expected
to result from a nuclear attack. The following specific objectives
were established for the regional allocation model:

TR ==~ <~
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*laton Rouge New Orleans Mobile Total population
268 209 302 to be evacuated
-(iin thousands )
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FIGURE 8. The Regionul MTS Prob!em for the Central Gulf Coast
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- Urbanized area
V/////] Buffer zones

D Reception arecs

Letters indicate contenders
for each reception area.

B-R : Baton Rouge
8 : Beaumont

G : Galveston
H ¢ Houston

L : Lake Charles
M : Mobile
N-O : New Orleons
P : Port Arthur
Reception Area

Permanent residents (in thousands)
Land area, »q. mi.
Pre-evacuation density per sq. mi..




(1) The residents® of each evacuation area will be
allocated to ane or more specific reception areas, subject
to the ordigin/destination constreints reflected in Table 2.

(2) In each reception area, shelter spaces will be allocated
to accammodate both permanent residents and assigned evacuees.

(3) These allocations will be made on a basis that will mini-
mize the maximum post-evacuation density of the region, con-
sidering all 1S reception areas and any subset thereof. The
ultimate objective is to minimize the expected fatalities from
any n weapons targeted against the region's population.

Table 2
ORIGIN/DESTINATION REIATIONSHIPS POSSIBLE WITHIN THE REGIONAL MTS

S YSTEM
Central Gulf Coast Region

R e,y
JHR] B P W] L] M LR &0 | XO0.N

3 T TTSTT
Aresy Lisrimof Nl m
Rouston(R) | 7 X | X X 11X
Galwatan(G) x | x
Seamont(s) x x | x X {x
Port Aethar(P) X 1 fx]x |x
Lae Charlas(L) X X X ix
Beton Kouge {B-R] X x x
v Oeletne (-0, X ' _ X. i

mbile(n) | » x] : IR

1. For social and econosdc reasons, some specified rumber of
pecpls unquestionably should commite to end from, or remain behind
in the target city, However, since definitive estimetes of su
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Houston to shive the land it contested vith Galveston, otherwise

a4
THE REGIONAL ALLOCATION SOLUTION

4.1 ALGORITHM FOR ALLOCATING THE TOTAL RECEPTION SPACE
The optimal evacuee assignments required in this regional s udy

were determined by sequentially solving a connected series of linear

programs, The program was first used to allocate evacuees in a
manner that would minimax the sheltered density of the total region
and in so doing, identify the target and reception areas which
dominated the problem. Once this was accomplished, the same program
was again applied to solve the minimax problem for the remaining
subset of reception areas. This process was repeated until the |
sheltered (post-evacuation) densities were minimaxed thraughout the
region. A technical description of the algorithm used in developing
this optic-al assignment plan is given in Appendix B.

4.2 RESULTS FOR THE PILOT REGION
The results of this pilot regional study are summarised in
Table 3 and depicted gtoguphicany in Pigure 9. Greaster detail .

As shown, the h:lgheat ainimized density was genecsted by M

Orlsans which was allocated all contested lamds within its m -
" reception area. This resulted in 4 mindmum density of 254 per .

square mile in each of ita three reception aress. g
After New Orleans, Baton Rouge became the leading contender,
dominating Lake Charles and ending up with a minimum density of
132.9 in two reception areas, Ths next highest density was
gemerated jointly by Houston and Galvestun, As Galveston has no
"minisum,” or uncontested reception ares, it was necessary for
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the latter city would have to depend upon some other means of
population protection. It was not necessary for Houston to share
its reception area with any other of its competitors and this
resulted in an MI'S density of 131.9 in each of the five reception
| areas involved.

Table 3
SUMMARY RESULTS OF RECIONAL MTS STUDY

a Reception Areas | Post-Evacuation Density Per
Evacuation Area Assigned Sq Mi in Each Reception Area

New Orleans 4,14,15 254.0
Baton Rouge 3,13 132.9
Houston and

Galveston 1,6,7,8,9 131.9
Beaumont and '

Port Arthur 10,11,12 72,2
Laks Charles 2 71.8
Hobdle 5 55.0

a, Includes Urbanized Areas and their huffer sones.

The next allocation involved Beauwsont and Port Arthur and sliamie
! nsted three additionsl recepticn areas from the contest. The rssultant
g _ denaity in these thres areas was 72.2. At this point, there were no
] further contests. Lake Charles and Mobile had been confined to their
minimum reception arcas with s density of 71.8 and 55.0, respectively.
Given these optimal evacuee assignments, the nunber of expected
fatalities from a multiple weapons sttack on the region have been
sininited. An evacustion-assignment plan developed by us= of this
gigoritha is unique. It is impossidle to reassign evacuess in such
4 azmer that the post-evacuation population density of any given
®eception area can be decresased without incressing the dansity of
another recsption are: which is already as 45 denssly or more densely
_mmmmmmmﬂdeityu being decreased.
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B-R : Boton Rouge
B : Beaumont

G : Galveston

H 1 Houston
P L : Loke Charles
\ M

N

P

BISSISSIPPI

ALARANA

2,

J LOUISIANA
b AN v’

: Mobile
-0 1 New Orleans
t Port Arthur

| |
B-RI N:Q .NJQ ﬂ:g' M ;M.-
116.0 57.0 122.4 26.2 Pre-evacuation density per w:q. mi.

254.0 254.0 1 254.0 55.0 Post=evacuation density per 5q. mi.

Reception Area
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= 4.3 DISTRIBUTION OF EVACUEES BY COUNTY

The next step was to distribute the post-evacuation population
of each of the 15 reception areas to the subordinate counties or
parishes involved.

For those reception areas assigned to a single claimant city,
the county allocations were made in a straightforward manner, First,
the number of evacuees that could be assigned tc each county was
determined as follows:

ViLj - R, =B, for 2ny reception area i and component
J 3 county j,

i

r 3 T

where
V = maximum allowable density,
L = land aread in square miles,
VL = maximum allowabla population,
R = number of perm&nent residents, and
E = quoté for assignment of evacuees, »
- Then the total evacuees assigned to the parent reception area were
applied against the county quotas, EJ., until all had been assigned.
v The problem was more complicated in the two shared-reception
- areas (Area 6 shared by Houston and Galveston and Area 1l shared by
Beaumont and Port Arthur) as it was necessary to identify by origin

AR
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[T the evacuees asgigned to each county. Additional decision rules é
! were required for this purpose and are as follows: &
rm (1) Evacuees were agssigned so that none would be recuired é 1
L; to move through another target area or, to the extent 4

feasible, the exclusjve reception area of another city.

(2) A county was not utilized as a reception center unless
it was directly accessible by an existing highway.

(3) Counties containing both target and recept‘on areas (e.g.,
2 Galveston County) were reserved for exclusive use of their
L i own residents. That is, a city (such as Galveston) did not
have to compete with another evuacuation are2 (such as Houston)
™ for use of its own home county,

L (4) When a choice remained after applying all other constraints,
evacuess were assigned to the closest reception county. For

. example, in Area 11 the entire quota of evacuees from Beaumont
| was assigned to Jasper County because it was the closest of

‘ the five caunties involved. ‘

& : '
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Another problem encountered in attempting to assign evacuees
to counties initially adentified as potential reception areas was
that the normal density of a number of counties (14 in all) already
exceeded that permitted under the regional MTS plan. Consequently,
no incoming evacuees could be accommodated; instead, the county
itself was treated as an evacuation area and evacuated to the extent
necessary to reduce its density to the established minimax level,
Vi.l In such instances, the overflow residents were assigned to the
nearest reception county whose density was still below the maximum
allowable for the area, For example, over 16,000 residents of
Rapides Parish were allocated to nearby Vernon Parish in develobing
the county-level assignment plan for the Lake Charles uncontested
reception area (Area 2),

Detailed MTS planning data for each county of the Central Gulf
Coast Region are given in Appendix B, The total plan for the region
‘ is shown gecgraphically in Figure 10.
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. Accordingly, & final decision in pluuﬁnq ation movemsnts
micnu MIS plan might be whather or not ions outside
thn as areas are to be atod also ord t:o achieve
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\ designate users:
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G : Galveston
H ¢ Houston

B : Beoumont

P : Port Arthur
L : Lake Charles
B-R  : Baton Rouge
N=Q : New Orleons
M 1 Mobile

ALABANA

[_I] Eliminated as reception area.
Resident density exceeds minimax.

Ses text.

[E Reception area also used for
overflow residents of ® counties.
Ses text.
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CONCLUSIONS
An MTS assignment plan developed by use of the regional algorithm
presented in this Paper is unique and has an attractive property
shared by no other feasible plan: It is impossibie to reassign
evacuees in such a manner that the post-evacuation popuiation
density of any given reception area can be further decreased without
increasing the density of ancther reception area which is already
as densely or more densely filled than the reception area whose

density is being decreased. The allocation model applied in this
pilot study of the Central Gulf Coast Region could be reac’ly adapted
for use in studying MTS for larger regions or even the nation as a
whole.

Another important finding of the study is that the post-evacuation
density data calculated separately for each city's maximum and minimum
MIS reception areas, determined as an initial step in the regional
analysis, are quite meaningful and could be used to simplify the
attainment of regional MIS sclutions. These density data &;‘8
reproduced here for ready reference. (See Table 4.)

Note that the New Orleans density would be 254.0 per square
mile 1f it were assigned its maximum reception area. Each of its
competitors, Baton Rouge and Mobile, could achieve a lower density
even if they were restricted to their minimum reception areas: 142.5
and 55.0, respectively. Therefare, given the objactive of minimizing
the maximum MI'S density over the total region involved, the solutions
to these particular contests are fairly olwious: New Orleans should
be allocated all contested sectors included in its maximum reception
area. This is precisely the result obtained when the regional allo-
cation model was Applied to the total mgion |
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Table 4

DENSITY DATA FOR USE IN PRELIMINARY REGIONAL ANALYSIS
Central Gulf Coast Region

Average Post-Evacuation Density
per M
Interacts Maximum Minimam
Urbanized Area with Reception Area | Reception Area
Galveston (G) H,B,P 53.1 407.6)%
Houstaon (H) G,B,P 121.5 256.3
Beaumont (B) G,H,P,L 35.3 (190.6)%
Port Arthur (P) G,H,B,L | 8,5 (190.3)*
Lake Charles (L) B,P,B-R 55.1 71.8
Baton Rouge (B-R) | L,N=0 127.5 142.5
New Orleans (N-0) | B-R,M 254.0 477.2
Mobdle (M) N~0 61.0 55.0

&, These three cities have no ™minimum"™ reception area as all sur-
rounding land could be claimed by other cities. However, the
vulnerabdility of these three cities could be reduced by moving the
population to shelters uniformly distributed over the targat area,
Such action would reduce their densities to the lwm.s sm in
parentheses,

In future regicnal studdes, the type of preliminary snalysis
described above should be done &8 a matter of routine in oxder to

reduce the mgnimdo ad cc-phic_ity‘ of the regional assignmant problesm.

This appwoach can alsc be useful in defining additional regicns
for MIS study purposes. The procecure recommenied is as follows,
Determine the core cities of interest {e.g., Cincinnati, Dayton
and Columbus, Ohio). Continue to add surrcunding, interacting cities
to the problem until boundary conditions are obtained as follows:
Once a city is reached which dominates all citiss with which it
would interact within the established set, no additional cities
need be cansidered in that direction for the purpose of allocating
contested reception space. To il'~ * .-e, had this analytic device
been recognized at the time 2 region was selscted for this study,
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the region beginning with Galveston and Houston could have been

closed once it wau determined that New Orleans would dominate Baton
Rouge and Mobile. Initially, the closed set might include Baton
Rouge because it interacts with Lake Charles; but New Orleans and
Mobile could be excluded from the regional contest. However, by
applying to Baton Rouge the same rationale that was initially applied
to New Orleans, Baton Rouge could also be excluded because it clearly
dominates Lake Charles: it has a maximum-area density of 127.5 as
compared to Lake Charles' minimum of 71.8 (see Table 4). Consequantly,
hed it been desired, the regional set selected for this pilot study
could have been limited to five citjes: Galweston, Houston, Beaumont,
Port Arthur, and Lake Charles.

The above screening technique could be invaluabls ir determining
MTS feasibility for more complex regions such as the industrialized
Northeast. It would greatly facilitate identification of those
urbanized areas comprising a closed region ror MIS planning purposes
and also permit early allocation decisions in cases like New Orleans
versus Baton Rouge and Mobile, for which obvious solutions exist.

The linear programmdng algorithm (Appendix B) could then be applied
to allocate the remainder of the regional reception spsce. The
resultant evacuee assignment plan would be optimal, having minimiged
the maximum post-evacuation density cver the total region,

3l
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SUPPORTING DATA FOR REGIONAL MT'S SYSTEM
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Tables

Table ALl - Reception Areas in the Central Gulf Ceast Region
Table A2 - Evacuee Assignment Plan

Table A3 - Allocation of Evacuees by County
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Appendix R

SUPPORTING DATA FOR XEGIOWAL MIS SYaTHM

Tshie 21

RECEPTION AREAS IN THE CENTRAL GULF CBST REGIN

Galveston to Mobile

-

Reception Area

No. and Counties o Permanant 1and Aveas,
Contestants Parishes Incliuded Residents sq ol
1. (H) Wharton 38,152 1,078
Colorado 18,4563 950
ARustin 13, 662
Waller 12,671 507
s e | W
rinas 801
Walker 21,475 785
g ] ?
2. (L) Vermilion 38,855 612
g&fferson Davis 29,825 658
chaia 49,931 596
Alien 19,867 775
Evangeline 31,639 677
X:r;tgn 18,301 1,356
pides 111,351 1,316
T55.785 %50
3. (B-R) ISAfayetto 84,656 283
t. Martin 29,063 180
Iberia 51,657 294
St. Mary 48,833 151
Concordia 20,467 472
Avoyelles 37,606 413
Point Coupee 22,488 423
West Feliciana 12,395 306
East Feliciana 20,198 454
mkin?:ri\ (H:;.s.s.) 13,235 675
te a8, 3%%,%;’3: 729
2 ?
4, (N-O) Plaquemines:
{Wards 3-5,7,9610) 17,214 223.6
J:fforoon:
Ward 11) 2,082 10.4
Wishington 44,015 439.0
. Tammany :
(Wards 1.7, 10) 24,329 523.6
Pearl River (Miss.) 22,411 621
H?g:::k é"?;s') 12,706 283.4
B - 930
by pvi3d
» ) .
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Table Al (Cont.)

Recaption Axe2 -
No. and Countiss or Fermanent Land Arvea, r
Contestants Parishes Inciuded Residents sq =i l
S. (M) Mobila (Axa.):
Bayou La Batre 6,604 84.7 [:
Citronelis 4,230 242.6 {
Nt . Vernon 6,881 129.%
H Baldwin:
H Stockton 2,899 48.5% -
: Perdido - 1,675 76,4 !
= Bay Minette 10,788 467.5
Robsrtadale 7,847 191.9
; Summerdale 1,559 323.9 o
: Fairhope 8,745 66.4 |
: Foley 7,788 170.5 i
Elberta 2,385 124.7
Escambia | 33,50, 962 :
Monroe 22,372 1,038
: Conacuh 17,762 850
§ Clarke 25,738 1,241
; Washington 15,372 1,069
Wayne (Mic .) 16,258 827
Greens (Miss.) 8,36¢€ 728
Gaorga (Miss,) 11,038 481 -
Jackson (Miss.) 55,522 744
Perry (Miss.) 8,745 €33 ™
6. (H,6) srasoris 76,204 1,422
Matagorda 45,744 1,140 -
Fort Be:d {
Beaseley-Orchard Div. 3,421 143,2 .
Fulshear-Simonton Div, 2,644 160.4
Needville Div, 4,298 197.2 -
‘ -1 Richmond Div. 4,992 128.0
' Rosenburg Div. 12,498 55.6
: Herris: )
f Hockley-Tomball Div., 28,492 357.7
! Montgoumery 6,839 1,090
7. (H,G,B,P) Chambars 10,379 ol17
Libexty 31,595 1,173
Galveston 1,694 53.8 i
(Bolivar Penin,) W | TImE
8. (H,B) San Jacinto 6,153 619
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Tabla Al (Cont.)

Reception Area
No. and ties ar - Pormanent land Rpsa
Contestants Parishes Included Rasidants sq md
9. (H:3,P) Hardi: “Di 0680 277.4
Xountze Div. » .
Saratog&—mgmibiw z,ggg 301%
Silsbee Noeth Div. 4 109,
s B80.0"
)
i0. (3,P) Polk 13,861 1,094
Tyler 10,685 218
1) ]
11. (B,P.L} Jaaper 22,100 938
Newton 16,372 841
Orange:
Mauriceville-
Pinshurst Div, 4,058 65.9
Littls Cypress Div. 2,056 49.9
Beauregard (lLa,) 19,191 1,184.0
Calcasieu (La.) 2
(Wards S § 6) M 92.4
H] ? .
12, (p,L) Camexron 6,909 72
Calcasisu: 2
(Wards 2 £ 7) Ig,_g_i% 64.9
Rt ]
t]
13, (L,B-R) St, Landry 81,493 930
14. (B-R,N-0) L& Fourche 55,381 116
Iberville:
(Wards 1,5,7,889) 15,475 218.1
Ascension:
Tgmrgznl,i’,«i-T,S-lO) gg’gi 1332
rrehone
Assumption 17:991 267
St. James 19,369 186
St. John the Baptist gigi 8
Tangipahoa 5
st. Halens 9,162 420
L%;:nrg:tgnéo 1) 16,055 340.8
15. (N-O,M) gmu?;\u (M:Ls;s.) ng,;gg 32:
tone 88,
TOTALS ' 2,020,841 46,589
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AREendix B

A REGIONAL MODEL FOR THE ASSIGNMENT OF EVACUEES
TO RECEPTION AREAS

Presented in the body of this study was an "optimal" plan
tor assigning evacuees from eight citiies to a set of con-
tested and uncontested reception areas within the same
region. This assignment was determined by solving @ connected
series of linear programming problems. This Appendix con-
tains a technical description of the construction of these
problems.
B.1 GIVENS OF THE PROBLEM

The model deals with movements to shelters on a highly
simplified and basic level. Our assumptions generate only

two restrictions which may be stated, using the following

notation:
i=l. 2, ..., M = index of cities to be evacuated,
j=1, 2, ..., N = index of potential reception areas.
E& = number of residents to be evacuated from the
i-th city.
R, = pre-evacuation residents of the j-th reception
J area,

A, = inhabitable area (in square miles) of the j-th
J reception area.

6ij = the delta function where:

61. = 1 1if reception area j may receive evacuees
J trom the i-th city, and

6ij = 0 in all other cases.
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m

evacuees from the i-th city who are assigned to the j-th

1 reception area,.

v the maximum post-evacuation population

density of any reception area,
The first condition is that the number of evacuees from a
given city who are assigned to the city's potential recep- | :
tion areas sum to the total number of residents who must be
evacuated from that city. In our notation:
N

T 8. E.. =E for i-1, 2, ..., M. Co
=1 ij i3 i :

[P

Second, since V is the maximum post-evacuation population
density of any reception area, it must, by definition, equal }
or exceed the actual density achieved in each reception area :

after evacuation. In symbols these conditions appear as:

o~ ——

M 6., - R, .
V_z l! “ijz —l for J'—'l, 2, e s ey N- 1
i=1 &, ). !
J J

In addition to these restrictions we have the self-evident ‘

[

fact that neither the maximum density, V, nor the numbers of 1
evacuees moving from cities to reception areas, Eij’ may be

negative, That is:

USSR

V>0 and Eij 2 0 for i=1, 2, ..., M and j=1, 2, ..., N.

? B.2 THE OBJECTIVE

:.

An obvious objective which is suagested by the givens of
the problem is to minimize V, the maximum population density of
any reception area after evacuation. This, in fact, is the objec-

tive of the first of the series of linear programming problems.
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The solution to the first problem, however, is only a
partially satisfactory assignment of evacuees to potential
reception areas., Although the maximum population density
of any reception area, V, has been minimized, the ascsignments
are characteristically haphazard in one important respect,
Among potential reception areas which have not been filled
to the density V, a great deal of reassigning may be possible
which does not alter the minimum value of V. The first problem,
in short, does not usually possess a unique solution.

The second linear programming problem is designed to
resolve this degeneracy in the assignment of evacuees to
partially filled reception areas. This is done by removing,
in effect, potential reception areas which are filled and those
evacuees who have been assigned to these areas. With this
change in the problem the new objective becomes the minimization
of the maximum population density of any of the remaining recep-
tion areas after evacuation.

Again, a degeneracy in the solution may appear. And this
degeneracy must be resolved with yet a third linear program.
This process of solving linear programming problems and elimina-
ting reception areas and evacuees continues until every evacuee
and reception area is accounted for. The evacuation assignments
which are ultimately obtained minimize a lexicographically ordered

series of maximum reception area densities.
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B.5 THE LINEAR PROGRAMS

The first linear programming problem is obtained directly

from the initial set of restrictions. It is:

Minimize: V

N
subject to: £ 8,.E,. =E, i=1, 2, ..., M
P 1) 1] 1
i=1
M
v-% &. E..>R, j=1, 2, y N
i=1] =i 13 = _3J
R. B,
b J

and: V 20, Eij 20 for i=1, 2, ..., M and

j=1, 2, ..., N,

The second linear programming problem is derived from the
first by inspecting the solution to the first problem's dual
program. If the dual price associated with a constraint dis
positive, that constraint is binding. When a binding constraint
is identified in this manner, the solution values of the vari-
ables Eij which appear in it are saved but the constraint is
omitted from the next problem., Dusl prices of zero indicate
constraints which are not binding. These constraints remain
and the solution values of the variables which appear in them
are recomputed by solving the second problem. This second
probiem is identical in structure to the first, however, several
indices and variables have slightly different definitions.

These are:
i=l, 2, ..., M = index of cities whose evacuations were

not determined in the solution to the
first problem.
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i=l, 2, + N = index of remaining potential reception
areas,
V = th? maximum post-evacuation population

density of any remaining reception area.
The solution to the dual of the second problem is employed
in the construction of the third, and the third dual solution
in the construction of tle fourth, et cetera, until all con-
straints and variables are eliminated. The final assignment
of evacuees to reception areas is constructed from the solution
values of the variables Eij which were saved when the constraints

were eliminated,

An evacuation assignment which is computed from the solutions

to the series of linear programming problems we have described is
unique. Moreover, it has an attractive property shared by no
other feasible assignment of evacuees to reception areas. It is
impossible to reassign evacuees in such a manner that the post-
evacuation population density of any given reception area can

be decreased without increasing the density of another reception

area which is already as densely or more densely filled than the

reception area whose density is being decreased.
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miles maasuved from the edge of the urbanized area would be & practi-

annuluec (%5 miles minus the 10-mile huffer zore) was the pasis for
determining specific raception asreas. Possible military tavgets ardd
otherwise unsuitable land areas (swamps, etc.) were then deleted in
identifying usable reception arsas within the 40-mile annuius. Ap-
plying these criteria to clesely located cities such as those of the
JCentral Gulf Coast Region, ane scon encounters the problem of over-
lapping reception aress: those which could be cluimed by twa or

re evacuating citics. This problam is ressived by use of & linear
programuing model whick allocates regional reception space on an op-
basis. It ctive {s to allocato evacuating populatian in

cal outer dourkd for the reception region. The resulting 40-mile-wide §-

D ......1473 _OR QS'E;%%%QM‘&M“

T A b W




FOR OFFICIAL USE ONLY

Security Clasrification

T4
WFY WONDY

LINK A

Lisx

Limn C

ROLE L4

ROLE

wT

"nOoL €

CIVIL DEFENSE SYSTEMS
PERTPHERAL FALLOUT SHELTERS
EVACULATION TO FALLOUT SHELTERS
MOVEMENT-TO-SHELTER SYSTEMS
EVACUEE RECEPTION RREAS
PLLOCATICN OF POPULATION TO FALLOUT
SHELTERS
ALLOCATION OF RECEPTION AREAR SPACE

_TOR OFFICIAL USE ONLY

- ———

mr———
H

| ——

- —y

e ]
A

ey



TEOTATIVIYY
DATWTUTH TTIM ﬁ aowue, Ut U0javindod butienoeas 93w0OoYlwR 03 ST AR

o {0 s3] Hﬁsﬁum, svoun eowds uoiadosor weotlea selwooTiv Yopus

Tepow LUt d avoujl B 3O 08n Aq peatosax s uwwyqoxd €1yL  *S0FaI0
fuyaenowad ox oMl AQ POUTETO Bq PTNOD YOTUM DsOUl  iswaw uopadedax
furdderaano jo & d 0y) sJII3UNOIUD 100S 0WO ‘uoTbR ITEOD FINO TRIUD)
ay3 jo asoyy ong §a711D pa3eoo] AT0SOTd 03 PTae3TId eseyl buplrddy
CENTNUMT DT Fu-Ofmdy UTUITH SVodw uoTadedol eTqesn Lutdjyauepy up peastep

uoyy azom (030 ! §) SVAIR PUVT @TQVITNSUN BSTAII0 puw siafaey faey
-TIT% WTqLSs vale to7idaodr opjyoeds LuTupwialep 03 SFIW] oy3 swm

(ounz aoyynq 0T 0% SRUTW SUTTW O§) SUINUUR BpTA-0TTw-0» Lujjrnsax
oyl “uojbax uo B2 0L 20) PUNOQ I93N0 TROTA0RId ¥ 2q PIrOM RAIR PasT
-uwqdn 8ya Jo oYy WNIT PRINSTOW COTYW 0§ JO 22UPISIP P LY} poumsse
s 31 "PuoT JBgkaq OTTw-oT_v SnId POIR POITURGIn 3yl €OPATOUT PA3WMORAQ
oq 03 voaeQRyoy oyl 'SJojusd uoyadadal SIH s pesn og 03 asoyl puw

pojwnoend oq ® DUTUSJOp UF 08n 20J POYSTIQPASd B8IR VEIBITID DFSeY
*380u03UT 3 T 3o seaaw Twioudyiod uUT PIATOOT SIVITOYS INOTIvY 03
sastan burang jerncod uRqIn faou O,

s DO $3 310}]¥ YAILOSHI

STyl uy pabwesrt. IAEAS QIH Byl  CSumasAS J a83Tous-03-3ududAow butu
-uvpd U SUOTADWIAIUT TRUCTHAT Jo werqoxd Py3 ucdn sesndoj aaded STyl
. A0WI38qY
(YTETy aTUn SHoM 5TT-99-6d-000 39Wauwo)) sebed T; ‘1961 Axvnuer

‘gagATeuy asuagaq J10; oum.m.m,.« M faeyeryey .m oomy 4q
i R o Apnyg esvp

~-d JI9UuPd YdIeos :d;w YOS

¥ :w038KS I93[0US-03-3LIGIAON [RUOLEOY ¥ U7 20Rd§ pa3saauo) buraedotly

*$BIATTRLY]
OTTWIUTW TTTM IV} IOUURS ° Ul WO ndod Dupiawmoesnd 83 ? 03 ST ©AT3

~20{qo €31 “°STSRQ TWPFICo uP UO SOWIE UOTIAIOAI TWIOTDAI S63RD0TI¥ YOTM
Tepou ogaw v 3o osn Aq peatosalr sy merqoxd STyl  *SITAFO

HUTIPNOPAS &tow 30 PowTRYD B PYNOD YOTYM BSOYI  EwalD uotadadoax
turddersano jo wepqnx
23 JO 8coyl sw yon
TsnENuULY BTTW-0Y Y3
uoyy axam (*o30 ‘cdunam
~FiTu 81qyssod

SJ9UNOIUD UOOS BUD ‘uoTHaY A5R0D JINO TRIUIY
Fa}2 PIjvaol A19S0I0 03 PFIe3FId esoyy bupdrddy

YPalv UOT3daoaT oTquEsSn DUFAJTIuepr Ul peletrep
aI1v PUPT PTQUAINEUN OSFMIBU30 puP s3abaey 43w
‘sporgIB®radanaz o73roeds HuTUTWIONIDP 0] STERY 3YJ KOM
(Auoz Je833nq OTYW-0T Oyl m?ﬁ. SOTTW ¢3) SNTNUUP epra-dITw-0r Bupiinsea

ayl, ‘uopbaz uojadedax 03 punoq J03no 1e0Ta0wId © 8 PrNoM PAIE POzl
-ueqan 8yy Jo 8hHpe ey pPeINSvow SITFW (5 JO STUPISIP ¥ I0YJ poumsse
SEM 3] *PUOZ x933ng OT v snqd POIP POZTURCIN 8y} SHPNTIUT PALINILAd
03] waue 03 8 P3U2) uDT3Idadau SIN Se pesn Bq 01 esoyly puv
PBIWMORAD Bq O3 SV ®p UT 9Sn 103 PIMSTIQGEISd DIP PTI2ITID OT6Ed
*383193UT 3361wy MO uo%: Toiaydyaad Ul pPazedor SI0ITOYS 3InOT(R} 03
§35TI0 HUujanp suoylernd.u LEBGIn 3ACW 03 paulIsap duo ST JI0J39 YOIRIsdX
574l Ul pabestaud wajsAs Yo "SWoasASs (SLi) J231236-03-3usidaow Bupu
-uerd ur suorjomzalul YwC 70 worgoad oyj uodn sasnooj aaded SIYL
IoR13sqyY
(VTE1t 37Ul v ‘¢TT-99-54-400 aowiawo)d) sabed 1y ‘(967 Adenuep
‘SaSATPUY BSUIFAQ <0; SANJIISUT POTFISSELOU] ‘dayafyay ‘f 8wz Agq
_(01g-d aadeg yareosay WI) UOTIDRI ISPOY XY 93 JO Aprag as
¥ (wa3sAS J9370YS-03-2. wdA0K Teuoibay e ur aowdS Pa3sAjU0) DUTIEOOTIY

Lo

' *89TaYTRRRY
SZTWTUTW TTTM IWY3 JOUURI ® WEIVIndod DUTIWNORAS BIWOOTIP 03 ST 8ATa
-20{go €11 ‘syseq Twrpado uv WMEPowds UOTadeced [PUCTDAI §83V00[LE YOFuM
Tepou bupwrnaboxd aveUYT ® grgsn Aq peatosea e werqoxd STYL *S8F3TO
fuTaeNnoRAD arow J0 omy AQ poutepl oq PTNOD YOTYM esoy3 iswear uoT3deddx
fuydderaanc Jo wTqoxd Y SISRUDMOUD U0OS Buo ‘uotS® 38PO) FINO TBIUS)
oYy 3O OSOYI Gv YOns S9T3Ld; A1e80TD> 03 VEIe31Id eswy3 HutArddy
‘enTAuuR STTU-0p Y3 UTYIIM € Tadodex eTqusn HUTAFTIUsPT UT peierep
uoyy oaam (°o3e8 ‘edwwme) spoxw P eTQRATNIUN OCTAIOYI0 Puw s38bae] Axe)
~FIFu O[qyssod ‘searv uoyad o131oeds Bupupwialep 30] STRYq 6yl BUM
(ou02 avgyng STYU-OT Sy3 SN TW Q§) SMTNUUY OPYM-8TTE-0y DuraTnsed
oyl ‘uopbar uoyadesaz oyz a03 Qg ae3nd Teorjomid v 6q Prnosm vAIw POzZT
-uRqaIn 8y3 jo ebpe o} woaj SOTTW OS FO OUBASTP B IWMYI POUmEsw
Sw 3T *6uU0z aejjng eTFw-OT_® valw pez an ey3 SOPNTOUT Pe3IMoRn®
9q 03 vaIP 130} © ‘saogmey UOTIdeDou SIH P pesn 9q 03 8soYyy puw
pasmmomae oq 03 SRauw E P o8N J0J POYSTLQPISe O8IV PRINITID OFSWY
*3e03203uUT 385293 MOT JO SeaX oudyaed up pe3wooT SI83TOYS JNOTTRF O3
806720 Butanp suorierndod ueq oW 03 poubissp sUO € 9 UDIROsHI
STYy3 ut pabesrauo welsAs SIH oyuld=5un38As a03TR{S-03-qudwdAow Butu
-uprd up suworjomzejur Tvuotfar jo werqoxd eyy woddn £9sndoj aaded SYYL
aoma3eqy
(VTSI 3TUn J0M ‘ETT-99-84-0D0 aowajuo)) sebed T ¢296T Axenuep
fgosATRUY BSUGJIQ J0F 03N g ‘ne *~ poBxd) Ag
By e~y W uotb L
S J93TOYS-03-3ueudnON T but3e00TT

[ESSRoun ¢IoysTe)
FT0e) 913U

vuotBeN ¥ UT 80wds po3sesuod

*S$STATIRIR]
ST 813
tadeoaa Twu0 S8QWOOT |V YOTuM
9ATOSOX 87 wa qoxd STYL °S0T1310
0 YOTuM esoyy tsweaw uopadedex
¢ ouo ‘uorbay 3SPCD JTTO TWIU)
88010 O 93120 edmy HupATddy
eTqVen HUTAFTIUWRpY U} pejerep
gun OSTAIEYIC puv sjebawy Aaey
8 SupuTwixe3sp J0F $36Wq Oy} SwM
snynuue OpYM-ITTw-0t bupjrnsst
Teor3onad © oq prnoc BAIw POZT
0§ JO 9dUWISTP ¥ I3 poumese

¥ iuegs

OTTWFUTW TTTM IWY3 JPUURI ® UT U0}
-00fqo BaI 'STEPY TRWFIdo UR U0 8D
Tepou bupursaboxd aeeury ¥ JO esn
Bupawnopnd BI0w 20 OM3 AQ PeUFETO
fugdderasno jo woTqoad ay3 SIPUTO
8y3 JO OS8Oyl S® yons VLD

usyy saem (036 ‘s
~FITw oTqysscd
(auoz a9yinq 3%.-3 oYy enutw SvT

8yl °‘uotbea uopidedar eyl I03 punoq

-upqan oya Jo 86pe Oy} WOl paINSYOw
sem 3 *Ou0% I3jIng TTW-QOT_®_snrd AN SY3 SPNTOU, PaqEndRAs
©q 03 WI® TR303} O *8393U8D UO) SIH S® pesn ©q oL SOyl puwR
PoIwNow.® 6q 03 STAIR upyep ur osndSEP peysTLqeasd sIv PIIa31a0 OFsed
*3SOI03UT 3063w MOT JO seaze Twreud UT pe3eoot sIeqreys jnores 03
sasTa0 Buranp suotavrndod uwqan eaow oubT8ep SUO S IJI0JI8 UDIRESII

§It2 UT pabesTAus wdlsAS SIW oyl “swe. J93TOY6-03-3u Wwasow Huru

-uerd Uy SuorlORIGsUT TRuotbax JO weTq Y3 uodn sesnooj Jaded STUL

J0MIa8qY

(VIETE ATUn %IoM *§TT-99-5d-0D0 3om1juo)) sabed 1/ ‘(36T Axenuep
tgasAteuy Bsuajaq aoj ey 3 ‘porreseTouy] ‘ae 0 powin A
(gTs-d 234w,
¥ :Wa3eA5 283[0YS-03-3uBWencl Tvuotbey v ur 80wvds PIseqund LUTIRDOTTY




